INTRODUCTION

23
In United States, 2011-2014, 183 persons were infected with the outbreak-associated strain of Listeria 
37
A number of studies of materials commonly used in food facilities and premises have shown the presence 38 of L. monocytogenes (Moreto and Langsrud, 2004; Sofos, 2008) , demonstrating the ability of L.
39
monocytogenes to adhere and develop on various food-contact surfaces, such as polystyrene (Silva et al., 
79
This work moves a step forward and considers, for the first time, the dynamic evolution of the formation 80 of biofilms by L. monocytogenes. A comparative study of the structure formation of three strains on two 81 types of stainless-steel food-contact surfaces was performed. Two types of biofilms were observed: 82 homogeneous or flat and heterogeneous or clustered. Differences in clusters and in attachment and 83 detachment processes were due mainly to the topography and composition of the two surfaces although 84 an effect due to motility was also found. 
99
These cell suspensions were used directly as the inoculum for subsequent biofilm formation. 
121
Cleaned squares were placed in 24-well flat-bottomed microtitre plates and inoculated with 1 ml of active 
158
Motility test results
159
Motility test results revealed all strains studied are motile as shown in Figure 1 . However remarkable 160 differences among strains were observed. CECT 4032 strain was the most motile whereas L1.A1 strain 161 was the less motile. Note that after 72h CECT 4032 strain has moved around twice the distance than 162 L1.A1 strain. 
169
Results showed the same range of adhered cell counts (between 6 and 8.5 log CFU/cm 2 ) in all cases.
170
Remarkably a delay in the adherence is observed in AISI 316 SS. Detailed results may be found in the 171 supplementary data (section 2).
172
Epifluorescence microscopy images
173
Visual inspection of the images revealed two structural spatio-temporal patterns, with a characteristic 174 pattern for L1.A1strain, which was conserved in both surfaces, and a different pattern for CECT 4032 and
175
CECT 5873 strains, also in both surfaces. The L1.A1 strain formed dense biofilms that covered the entire 
224
In addition to these physical forces, cell distribution on surface is affected by the surface topography. The 
238
Entrapment might be reduced by cell motility; this would partially explain the differences in distribution
239
and population observed among the strains with different motilities. L1.A1 strain tended to develop flat 240 biofilms ( Figure 3B ), whereas CECT 4032 and CECT 5873 strains tended to move and develop cell 241 aggregates or clusters ( Figure 3E and Figure 3H ).
242
Coupon topography differences and the presence of molybdenum -with proved antibacterial properties 
255
The dynamic evolution of the parameters for CECT 4032 and CECT 5873 also differed from that for 
273
Nevertheless, not all image-related parameters provide the same amount or quality of information. We
274
found that AP is less sensitive to changes than the covered area parameter, which may be related to the 275 fact that the number of pixels is used to compute the AP while area is used to compute the covered area.
276
This resulted in different ranges of values; for example, the AP ( Figure 4A 
281
shows; but this does not mean that L1.A1 strain formed clusters, as seen from the STPD profile in Figure   282 5 (homogeneous spatial distribution for L1.A1 strain and peak spatial distributions for the other strains).
283
The MDD appeared to correspond to the smoother topography of stainless steel AISI 316, as its values
284
were almost constant around 1, indicating homogeneous distribution of cells or small cell aggregations
285
( Figure 4H , Figure 6H and Figure 8H ). We conclude that a combination of MDD, covered area and STPD
286
provides the right information to determine biofilm structure from 2D images.
288
CONCLUSIONS
289
We have characterized the evolution of biofilm structure by three L. monocytogenes strains in two 290 stainless-steel supports. Fluorescence image analysis, motility tests and plate counting were used to 291 identify the key elements of the structures generated by each strain.
292
The results confirm the expected interstrain variability of this species, with two patterns observed: flat Average diffusion distance, covered area and spatio-temporal population distribution, proposed here,
299
were the most informative parameters for quantifying the evolution of biofilm structure.
300
These results confirm the advantage of image analysis for quantitative characterization of the spatio- 
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